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Abstract 


A scintillation counter time-of-f light system has 
been Incorporated into the Goddard SO cm by 30 cm 
spark chamber gamma-ray telescope. Tills system, utili- 
zing constant fraction timing and particle position 
compensation, digitizes up to 10 ns time differences 
to six bit accuracy in less than 500 ns. Event selec- 
tion declslr/ns, discriminating against upward-moving 
particles, are made prior to spark chamber triggering. 
The performance of this system during a November 1978 
balloon flight is discussed. 

Introduction 


Since any instrument for gamma-ray detection 
intended for use in space operates in an environment 
of a large number of upward-moving gamma rays, some 
technique mu', be utilized to greatly reduce or 
eliminate tne detrimental effect of this upward flux 
on detection efficiency. With a picture device such 
as a spark chamber there is little danger of mlsldentl- 
fylng the upward-moving particle as a downward-moving 
gamma ray because of the unambiguous nature of the 
pair-production interaction. However, any time spent 
by the instrument in recording and transmitting 
unwanted data will reduce the live-time to some extent. 
Spurious counts could then, significantly reduce the 
Instrument sensitivity by contributing excessive dead- 
time. 

In previous Instruments, an array of unidirectional 
Cerenkov counters was located at the bottom of the 
instrument as one element in the triggering telescope. 
The Cerenkov counters, blackened on the upper face, 
provided a fair rejection of the upward flux. However, 
for the Medium Energy Telescope discussed here and 
the High Energy Gamma-Ray Telescope reported elsewhere 
in these transactions^, a time-of-f light technique has 
been adopted. By measuring the particle time-of-f light 
between two scintillators and rejecting times corre- 
sponding to upward-moving ones, the sensitivity of the 
Instrument to this type of spurious event may be 
drastically reduced. 

Description of the Instrument 

The Medium Energy Gamma-Ray Telescope utilizes 
digitized wire grid spark chambers of similar design 
to previous balloon instruments^ and the SAS-2 instru- 
ment.^ The vertical spark chamber array consists of 
20 wire grid modules, 50 cm by 50 cm inside dimension. 
Each module is constructed of glass-bonded-mica cera- 
mic and wired with two orthogonal sets of 400 wires, 
one on eacli side of the frame. The x-y spark position 
is recorded by ferrite cores located on shelves at 
the edges of the module. As can be seen in Figure 1, 
the upper 16 spark chamber modules are closely stacked. 
These modules are interleaved with 25lim tantalum 
plates for gamma-ray/pair conversion. The four modules 
below the first scintillator plane are widely spaced 
to aid in identification of the separating electron- 
positron pair. These modules are separated by thin 
mylar light barriers only, to minimize any scattering 
or energy loss. The scintillators forming the time- 
of-fllght telescopes are located just above and below 
the lower spark chamber stack an^l will be discussed 
in detail. 
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Figure 1. Cross section dr.awing of the Medium Energy 
Gamma-Ray Telescope. 


The energy of the detected gamma ray is measure 
by the energy system in the lower section of the iiisti • 
ment. The lieart of tills systetii is a 50 cm by 50 cm 
by 25 cm block of plastic scintillator whicli is viewed 
by eight photomultipliers. The summed signal is pulse 
height analyzed to six bit resolution .as a coarse 
measure of the energy of the produced pair. A 98 cm 
diameter plastic scintillator located below records 
penetrations of the energy scintillator to flag events 
where the charged particles did not deposit their 
total energy in the large scintillator. The upper 
portion of the Instrument is surrounded by a 1 . 2 m 
diameter dome of plastic iiclut 1 llator . llils sciiuiila- 
tor is used in anticoincidence with the other scintil- 
lator elements to veto Incident cliarged particle pene- 
trations. 


Tl ic Time -of -FI Iglit System 
Overall Description 

The upper and lower scintillation counters for the 
time-of-f light system are composed of tliree side-by- 
side strips of pilot 11 plastic scintillator measuring 
50 cm by 16 cm by 6.3 mm thick. These scintillator 
strips are viewed at each end Lliroiigli adiabatic and 
Isochronous plexlglas light guides by RCA 8575 photo- 
multipliers. Since the entire upper chamber of tlie 
Instrument is filled with Ne-lle spark chamlier gas, 


the photoBultlpllera, reslator voltage dividers, and 
high voltage power supplies arc enclosed In Individual 
pressure-tight containers. 

A block dlagrasi of the Inatruaent tlsK-of-f light 
clecxronlcs Is shown In Figure 2. The fast signals 
from each photooultlpller anode are routed to a slow 
coincidence discriminator module and bridged to the 
constant fraction discriminators where the timing 
signal Is derived. Discriminator signal*: rom each 

end of the scintillator are averaged b- e time com- 
pensation circuit, and a single tlme-c xurrence 
strobe Is generated from each of the thiee strips. The 
time compensator signals set as Start and Stop for a 
dual-ramp time digitizer. The digital tlme-of-fllght 
data are compared to a command entered threshold value 
for the up/down decision, and are also stored In an 
on-board memory. The tlme-of-fllght data from each 
event meeting all the spark chamber trigger criteria 
arc telemetered along with the "picture" data. The 
accumulated spectrum In the on-board memory Is dumped 
via telemetry on a periodic basis Independent of the 
epark chamber operation. 
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Figure 3. Schematic of the constant fraction 
discriminator. 



Figure 2. Block diagram of the tlme-of-fllght. 


Constant Fraction Discriminating 

The timing signals are derived from the photo- 
multiplier signals by an Integrated circuit constant 
fraction of pulse height discriminator. This imple- 
raention of a well known technique" utilizes Motorola 
MC 1651 dual I.C. comparators as the fast switching 
elements. While the 1. herent switching speed of this 
ECL device is not as great as for a charge storage 
diode or tunnel diode, In this application this is 
of minor significance; however, the stability and 
rugged nature of the device Is of overriding importance. 

In the circuit of Figure 3, the I.C. lb acts as a 
cross-over detector with the cross-over point adjust- 
able by the variable resistor as shown. The Input 
signal Is attenuated to give a 0.2 fraction and applied 
to the non-lnvertlng input. The unattenuated signal 
Is delayed by a 3 ns length of semi-rigid microcoax 
and applied to the other Input. I.C. la Is used as a 
leading edge trigger to arm the AND gute I.C. 2a. 

The other half of I.C. 2 Is used as a unity gain 
amplifier to facilitate Inspection of Che cross-over 
setting. 


Time Compensator 

On this Instrument the main axis dimension of Che 
timing scintillators (50 cm) is on Che same order as 
their separation (45 cm), so if some form of compensa- 
tion were not used, the variation in the position of 
traversal of the scintillator by the particle would 
totally destroy the up/down timing resolution. By 
using Che light signal from each end of these long 
scintillators it Is possible to compensate for this 
variation. There are two techniques that are used 
for travel time compensation: the technique of linear 

addition of tlme-cu-ampllcude converter outputs^, and 
the technique of the time averager.^ The simplest 
Implementation for this application uses Che latter 
technique. 

The schematic shown in Figure 4 represents the 
method of time compensation used for this instrument. 
The differential pairs Q1 and Q4 receive the standar- 
dized ECL signals from the constant fraction discrimi- 
nators connected to the photomultipliers on opposite 
ends of a scintillator strip. I.C. Jb Is a gate con- 
nected to generate the ECL reference voltage of -1.3v. 
Differential pairs Q2 and Q3 each launch 0.5 volt 



Figure 4. Schematic of the tine compensator. 


pulses Into the 10 ns delay line. The combination 
of l.C. 2 and l.C. 3a form a logical OR with a thres- 
hold of -1.3v whose Inputs are connected to Che delay 
line taps. Ac the time the signals from each end of 
the delay line overlap and add, exceeding the -1.3v 
reference, an output signal Is generated. This time 
is essentially independent of the position where Che 
particle penetrates the scintillator. 

Time Digitlier 

The signals from the time compensators, which 
represent an average tlme-of-occurrence in the uppei 
and lower scintillation counter strips, are transmitted 
via twisted pair cable to Che time digitizer shown in 
Figure 5. The differential signals originating from 
Che three upper aid three lower scintillators are 
converted to single-ended by ECL line receivers and 
logically OR'd to be applied to the Start and Stop 
flip-flops (I.£. la,b). Prior to the occurrence of 
an event the conversion capacitor C is maintained 
at the reference voltage Vg by the differential ampli- 
fier-regulator made up of Q5, Q6, and Q7. On arrival 
of a Start pulse, the regulator is released and the 
pull-down current source QS begins to decrease the 
voltage across the capacitor. A Stop signal terminates 
the run-down h- turning off Q8 and the run-up begins 
from current source Q9. The ratio of run-down Co run- 
up current is the stretching factor of the circuit. 

The current sources are biased by zener diodes 
operated at near-zero temperature coefficient. The 
diode-connected transistors compensate the Vj,g vari- 
ation of the current source transistors and should be 
in good thermal contact for best results. Tne 
capacitor voltage is sensed by the circuits of l.C. 4, 
(used here as a comparator) and a time gate is gener- 
ated. It is initiated by the Stop pulse and lasts 
until the voltage across the capacitor returns to Vg. 
This time gate is applied to the delay line gated 
oscillator (l.C. 6) which generates a 175 Mllz train 
of pulses, digitizing the run-up time of the conver- 
sion capacitor, Tliis pulse train is routed to a high 
speed ECL scaler in the digital section where this 
digitized time-of-f light is processed. 


Supervisory logic functions, such as requiring 
valid Start before Stop, resetting the system when- 
ever the lime difference overranges, ajid holding when 
tlie digital data system Is busy, are Included on the 
digitizer board and shown In the schematic, 

gltal Data System 

This section wil! deal with the t ime-of-f 1 1 ght 
digital subsystem and liow it Interacts with tlie over- 
all experiment event handling electronics. The 
on-board event liandling system consists of a number 
of subsyst- ms which perform the various tasks of 
tlme-of-f light measurement, pulse heiglit analysis, 
command decoding and coircidence determination. The 
time-of-fll ght subsystem encodes the particle tlrae- 
of-f light, gener.Ttes an enable signal if a preset 
threshold condition is met, and accumulates the time 
spectra in on-hoard memory. The pulse height .analyzer 
digitizes the signal .amplitude from thtf energy 
scintillator, generates an enable signal If the pulse 
height exceed.s the preset threshold, and .accumulates 
the pulse height spectra in on-board memory. The 
command decoding and coincidence electronics form the 
telescope coincidence logic, subject to enabling sig- 
nals from the t irao-of-f ! ight , pulse height analyzer, 
anticoincidence, and ground commands. The instrument 
may be coranuanded Into various spars chamber trigger 
modes; which may logically include or exilude the 
time-of-flight result, the pulse height value, the 
penetration counter flag, or the anticoincidence. 

The on-board storage condition.® may be commanded 
Independently. For instance, the spark chamber may 
be triggered on neutral events only, while a histogram 
of charged particle dat.i is being accumulated. 

The entire event handling system in under the 
control of an AMD2911 mlcroprogr.sra sequencer. The 
control progr;un is contained in a bs by 32 bit bipolar 
PROM. The controller handles transfer of data and 
control signals between the various subsystems, the 
control of on-board histogram memory, and the 






retrelval and tranamlHiiioii ot ovoni and hlHtojjram 
data to the experiment telemetry tormatter. 

A almpllfled block diagram of the event handllnit 
ayatem aa It relates to the tlme-of-f Unlit Is seen 
in Figure b. Tlie high friqueucy burst from the time 
digitizer gated oscillator Is counted by a six bit 
ECL scaler. The translated tlme-of-f light data Is 
parallel-loaded Into the output T-L shift register by 
the End -of -Conversion (EOC) pulse from the digitizer. 
The ElK pulse Is also used to notify the coincidence 
subsystem that a TOF Event ITOFE) has occurred. Tl\e 
alx bits of tlme-of-f light data ,.re compared to tl>e 
value held In the command register. A value less 
than tills preset threshold c.iuses a Tlme-o(-Flight- 
Good (TOFO) enable to be sent to coincidence. 

The accumulation of the tlme-of-f light histogram 
Is controlled by the control/sequencer. Tlie occurrence 
of a Read- Increment-Write (RIU) flag from coincidence 
causes the controller to Increment the address deter- 
mined by the value In the output shilt register. Tlie 
histogram memory is organized as a 6j channel by 64K 
count array. The RIW cycle time la about 3uscc. For 
events where a spark chamber trigger Is generated the 
RIW sequence is held until the noise from the spark 
chamber has subsided. 
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Figure b. Block diagram of the t Imc-of-f 1 Iglu 
digital data system. 


system. The test technique was the )-i coincidence. 

Two small plastic scintillators were each viewed by 
an 3575 photomultiplier. A *’^Lo source was placed 
between the scintillators, Iriadiatlng each will; one 
of the coincident gammar.. Trototype Inslniment dls- 
crlmlnati'rs and time' dlglttzev were used 'or the 
fast timing, with the digital t ime-of-l 1 Ight value 
being stored in a mnltlchamiel analyzer memory. 
Laboratory disci Imlnators wi-ro used to gale the elec- 
tronics to select the signal amplitudes to be analyzed. 
With an energy threshold slightly below the C'mn'on 
edge, a resolution of about 320 ps EVHM was obtained. 

Tlie signals from the six Individual scintillators 
are processed by a single tliix’ digitizer; the parti- 
cular acceptance geometrs determined by the coinci- 
dence electronics. It Is neecss iiy to balance the 
Individual telesjope delays to obtain best rcsolnllon. 
This was done using the spectra obtained from ground 
level cosmic rays. I'lie pbotomn 1 1 Ipller blgb voltage 
supplies were set to give roughly constant signal 
levels and the constant fraction discriminators Indiv- 
idually adjusted for walk compensat ' on. InLorcon- 
necting cables were then trimr.xd In length so the 
timing peak from each of tho three telescopes con- 
rided. A plot of the response of tho overall Instru- 
ment tlme-of-f light system to groun.! level cosmic 
rays Is shown In Figure 7. The Instrument was operated 
for equal time in the normal and In the Inverted posi- 
tion to obtain the "upward" and "downward" peaks. Tlie 
width of the hlgh-channe I peak Is l.I ns FWilM. iho 
low-channel peak is slightly bread.-ned. apparently 
due to observed counts Irom Kn.’ level labont one count 
per second) natural radioactivity In the tantalum pair 
production plates above the t Im.— ol -f 1 1 e.ht scintilla- 
tors. 
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Figure 7. rrefllght test results with the Instrument 
upright t lower peak) and Inverted Inpper 
peak). The eonverslon I lelor was IhOps/' 
channe 1 . 


The constant fraction discriminators wore tested 
for function and time response versus Input amplllude 
characteristics prior to holng Inteeratod Into the 
Instrument. In order that the Input pulse character- 
istic be representative of the actual application, 
a photomultiplier, sclntll int 'r, and small -"'xm 
a-sourcc were used as the test •mise generator. A 
laboratory tline-Co-nmplllude convertor and multi- 
channel analyzer were uaed to moasuro the perfornmnee. 
Typically, the circuits had less than 50 ps of time- 
walk for an Input amplitude varied from -300 mV to 
-3 volts, .a range representative ol the Instrument 
signals. 

Tl>e timing characteristics of this lastrnment 
can be Influenced by electronic broadening as well 
aa the alze and placement ol tho sc Int i I lators. 

In order to determine the relative contrlhutlons to 
the timing uncertainty a measurement was made of the 
Inherent resolution of tho instrnnent electronic 


Test Flight 

On N.'veitbor lb, 147'> the ilamma-Kay Telescope was 
flown on a 1.2xU)3 m3 balloon from I’alostlne, Toxas. 

Tlu’ purpose of ibis flight w is both, to test tlie instru- 
mentation and to afford an opportiini ly to opci ale the 
InstrunxMit with various trigger modes li' determine the 
optimum coni Ignrat Ion for stibscqncnl sciciitlfl.' flights, 
llie balloon reached a picssnce-al 1 1 tilde ol d mliai , 
and tlie Insiniraent pertorraed well for the duration ol 
tho night. Figure 3 Is plot of two t Ime-ol -( 1 1 ghl 
histogram dumps taken at fle.it altitude, ihie set ol 
data was taken with the ant Icol'icldenee electionles 
active, seleellng neiiliMl events, and liio oilier wllli 
liie anl i collie tdenee eft. seleellng h.'lli •.•barged .iiul 




mnitra! ovonts. Vlu’ ihmks k*orioMpo!uHn>; to upwavil 
anil ili^nwaivl nu'vlni; partloU's arc oloaily rosolviul 
for both llic nouir.il anJ oharp.od partUloH. Howovor, 
those spov'tra aio hroailonoil lonslilorablv as vomparoj 
to the urouiul level results, l^ie distribution due 
prinwirllv to ehar>;ed partleles has a width ol about 
l.S na, while the neuttal events >;ave a greater time 
spread ot l.^J ns IVHM. Sinee tlie >;vound level data 
In Figure 7 were taken durlni: a pvetll^ht eheekout , 

It Is presuT^u'd that hts broadenln>i; Is not eaused bv 
any Instrument nallunetlv'n but Is tlu* result ol b^ek- 
jtround tivm m\il t Ipart K* le events and eomplex part tele 
Interaotlons In llie liw t runKMU . tMeailv, inieraeMons 
In the walls ot the spark eharjber between the selnill- 
later planes eould ceneiate simultaneous upward and 
din*‘nvard-mov ln>i part teles, brv'adenlni; tlje peaks ti'vard 
rero tlnx'. Add! t Iona I Iv , tor >u'isi ^lannu rays, the 
openln.c an^le ot' llie pair event ean load to an error 
inthetlmi’ mMsurenent . The lime eonpensator will 
generate a t Imi'-ot-oeeui renee sii;nal whlel\ Is earlv 
by an amoe.nt proportional to the separation of the 
pair. iVpenJIn^ on oxaetlv lu»w tlu* pair interseets 
the upper anvi se Int i I lai ors , tIUs ean eause 

broadening, ti'ward elihet .greater or lesser tiv.u'S. 

Althouj;!t the data »levlate sorx’what Iron tlaussian, 
an appri'xlm .e tit US'; made to the dlst i ilnii Ion ot 
neutral e.eais. It was then possible to ealeul.ile 
tlu* .ipproxlrOitte number iM eveitts t rem the ”upv ud- 
tTK'vtnj;’* peak whleh were creatiT than the lrl>t»:er 
threshold at *ero tlru*. Tlu* rosult ol 0. I eouitts ' 
seeond Iron the l.Hl iM the upwat d’'ru'Yln.'.‘* \ urve 
implies less then l peveent InstnjnH'iu dead-time, 
a small eentrlbutieu to tlu* i'verall wasiired deail- 
tlrv of '*S pereenl at mbar. 



Ki>tnii b. !‘imi*-i*l-t Up.lit sopetva taken at mbai 
durln>*. tlu* test tUe.lu, Ih'stlive times 
repieseni the downwai\l eonponenl . 


ti'i^lu?. ions 

In ceiteral, tlu peili'tmanee el the tinx'-ot- 
flle.ht eleetii'iue sysiim ilut ln>; the le* t lltp.lit w.is 
as expeeted t rom labotati'iv evaluation. ilu* tinin>; 
eh.iravtei ist ies .»s ohst*»ved tu'iv. .sevetal hiuo^.iam 
dumps t arevJ>thout the tlle.ht remained »pilte stable. 

The *'00 ns do lav tot the time analvsis oausi'd no 
apparent det«t lot at len in the ?;patk ehamber peii**r- 
manve, not dl* t ho spaik i!uml*er lutevtore with the 
timo-ol -t I l>;ht hlstoy,iam data eolleetien. Vhe llminy. 
resolution obsiived at t loat altiludt was .'to..h*t 
then ant li* I pat i*d apparently due ii' i*tt»*v:*: tier 
mu It ipart to le baekv’.i »'und , but the etleei *»n lnstne.*h*ni 
live-time appealed to be minimal. 

A seli'Otllle tlie.Ul with this Instiir'.x’tu was 
at lonplt’d in Al lee Sptlny.s, Ausitalia o\\ Apt I I s, 
lO'O hui ,|i,j not suee»*t*d due to balU'ou ♦.uluie. 
AnoDtet tlie.ht will lu attempted in the neat tuluie. 
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